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Specification 

1. Name of the Invention: Process for Preparing Silicon Film 

2. Scope of Claims for Patent: 

(1) A process for the preparation of a silicon film, characterized in 
that a silane which is higher than trisiliahe (Si3H8) in degree is sent 
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as a material into a chamber in a device wherein a gas exhast means and 
gas supply means are connected to the chamber that accommodates a subst- 
rate heating means and the silicon film is grown by heated CDV at a 
substrate temperature of 480 degrees centigrade or lower by maintaining 
the temperature of the wall surface of the said chamber lower than the 
heated CVD, 

(2) A process for the preparation of silicon films as described in 
Claim 1 of the Scope of Claims for Patent, characterized in that the 
atmospheric gas (H 2 , N2, He, Ar, etc.) is introduced into the afore- 
mentioned chamber beforehand and, after the substrate temperature has been 
set, the material gas is introduced and the silicon film is grown. 

(Field of industrial Utilization) 

This invention relates to a process for the preparation of a silicon 
film to be used in a thin-film transistor, etc. without showing much 
change due to the passage of time. 

(Outline of the Invention) 

This invention is for the production of a stable amorphous silicon 
film of high crystallity by means of a heated CVd employing a silane 
which is higher than trisilane in degree. 

(Technology According to Prior Art)' 

Heated CVD is used in the preparation of silicon films which are not 
damaged by such charged electron particles as plasma, etc. 

if, in the case where a hydrogenated amorphous silicon film is prepared 
by the heated CVD method, .a monosilane (siH4) is used as the gas material, 
it is necessary to raise the substrate temperature to the range between 
6 00 and 650 degrees centigrade and, the amount of the bound hydrogen that 
compensates the structural defect in the film is extremely small, with a 
result that the properties of the film are low according to the technology 
of prior art. A report has been published by Yoshinori Ashida, et al. to 
the effect that, in the case where disilane (Si2H6) is employed, an amor- 
phous silicon film containing a suitable degree of hydrogen can be formed. 
(Refer to Yoshinori Ashida, Yasuyoshi Nishda, Masataka Hirose, Yukio , 
Osaka and Kenichi Kojima, J. J. Appl. Phys. 23 (1984), 129). 
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Heretofore-known heated CVD process using disilane as has been 
practiced in the past employs a reaction device of the hot wall 
type, wherein even the chamber is heated in addition to the heating 
of the substrate. In the hot wall type reaction device, impurities 
on the inner wall of the chamber are easily taken into the silicon 
film, with a consequence that it is difficult to improve the quality 
of the film. In addition, there is a problem in that the silicon 
particles increase on the surface of the substrate because of the 
gaseous phase reaction with a result that the surface tends to become 
rough. 

Meanwhile, there is a problem in that the deposition rate is 
low in the reaction device of the cold wall type that heats only 
the substrate without heating the chamber. 

Accordingly, the purpose of this invention lies in forming an 
amorphous silicon film which has a sufficient deposition rate at a 
low substrate temperature and which has satisfactory electric pro- 
perties and remains stable even in the reaction device of the cold 
wall type. 

(Means for Solving the Problem) 

In this invention, the problem has been solved by clarifying 
the relationship between the film-making conditions in the hot CVD 
and the properties of the silicon film by using a silane whose 
degree is higher than the trisilane as the material. 

(Function) 

Since the reactivity of a silane whose degree is higher than 
trisilane is high as compared with disilane, there is obtained a 
satisfactory deposition rate and it becomes' possible to maximize 
such film-making conditions as the substrate temperature and the 
reaction pressure, etc. that are related to the quality of the 
film. 

(Example) 

First, the examples of the device to be used in this invention 
will be explained by referring to Figures 1 (a) and (b) . 
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In Figure 1 (a) , code 1 indicates a chamber which has 
such a substrate heating means 2 as a heater, etc. A sus- 
ceptor. 3 whose- heat conductivity 'is high is fixed and heating 
is carried out. Such a substrate 4 as a quartz .plate, a 
glass plate, a stainless steel plate, a silicon wafer, etc. 
is placed on the susceptor. 3. (In the case where it is facing 
downward, a metal fastener, etc. is used for fixing same.) A 
gas blow-out part 5 is formed in the neighborhood of the 
substrate 4 and a gas exhaust means 3 (Translator's Note: 
3 is unclear,- it nay be 5) , is connected with the chamber 1 
in the gas supply means 6 and the chamber 1. 

The system ranging from the gas supply means 6 to the 
gas blow-out part has its temperature maintained above the 
boiling point of the gas material (which is 53.1 degrees centi- 
grade in the case of trisilana) . in addition, a vacuum gauge 
and an observation window, etc. are provided, if necessary, on 
the side of the chamber 1, and an air-cooling or water-cooling 
pipe for cooling purposes is connected to same. 

In Figure 1(b), lamp heating is used for the means 2 for 
heating the substrate, where the chamber 1 is made of quartz 
whose light absorption is small and the susceptor. 3 is made of 
carbon, etc. whose light absorption is large. 

If, by using such a device, the substrate is heated to a 
temperature in the neighborhood of 400 degrees centigrade and 
a silane whose degree is higher than trisilane is introduced 
into the chamber, an amorphous silicon film can be formed on 
the surface of the substrate 4 because of the heat decomposition 
reaction. In this case, the temperature on the side wall 
of the chamber 1 is in the neighborhood' of 200 degrees centigrade 
When it is to be further cooled, it is only necessary to blow 
the air or N2 gas, .etc. to the chamber 1. 

Detailed conditions for deposition will be shown below: 
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Figure 2 shows an example'of the data pertaining to the 
deposition rate of the amorphous film to the surface of a 
quartz substrate by using 100 per cent trisilane. In Figure 
3, the axis of abscissas indicates the reciprocal number 
of the substrate temperature Tsub and the axis of ordinates 
indicates the rate of deposition ( (lambda) /min. ) . The 

A ' "D ' O ' O and S7 marks' indicate the cases where the reac- 
tion pressures are one,: two, five, 10 and 12 Torr. respec- 
tively. There is a deposition rate of 60 (lambda) / (min. ) 
at 10 Torr and at the temperature of 420 degrees centigrade 
and this is a value which, is sufficient for the production 
of a semiconductor element. 

In the case where dilution was carried out by using 
such atmospheric gas as (Translator's Note: Unclear but they 
look like H2 f N2-, He r Ar, etc* .the deposition was such that the 
rate was approximately the same, provided that the pressure 
of the trisilane is the same -as the reaction pressure shown 
in Figure 3. 

Figure 3 shows an example of the dependency of the 
optical band gap and the amount of the combined hydrogen 
in the case where the reaction pressure is five Torr by using 
a 100 per cent trisilane. When the substrate temperature is 
below 480 degrees centigrade, the optical. band gas is approxi- 
mately 1.65 eV and the amount of the united hydrogen is app- 
roximately 7.5 per cent, where they are approximately con- 
stant . 

When the substrate temperature exceeds 4 80 degrees centi- 
grade, both the optical band gap and the combined hydrogen 
amount are reduced. It has been thus learned that hydrogen 
dissociation takes place when the substrate temperature exceeds 
480 degrees centigrade in the hot CVD using a silane whose 
degree is higher than trisilane. 
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Figure 4 shows, the dependency of the dark conductivity 
heated by a black circle in the case wh'ere the reaction 
Pressure using a 100 per cent trisilane is five Torr and the 
Photoconductivity which is indicated by a white circle under 
a beam application of ami spe crum 60 » w/cm 2 upon the tempe- 
rature of the substrate. Even though the photoconductivity is 
not high, the ratio between the photoconductivity and the 
dark conductivity's more than three digits. At a temperature 
of the substrate higher than 480 degrees centigrade, further, 
both the photoconductivity and the dar k conductivity come down 
by the dissociation of hydrogen. 

Figure 5 shows an example of the infra-red absorption 
characteristics. Ordinarily, .„ el ongation and contraction 
vibration of a SiH union having a peak in the neighborhood of 
2000 cm and an elongation and contraction vibration of a 
SiH2 union having a peak in the neighborhood cf 2100 cm'l are 
observed, in the case of an amorphous silicon fil ra by the 
heated CV D of trisilane, the peak of SiH2 union is scarcely 
observed and SiH unions are the mainstay. Thus, it can be 
said that the film is of high quality. 

An example of the cross section of a thin fii m transis _ 
tor prepared by utilizing the aforementioned deposition data 
will be shown in Figure 6. 

A non-dope amorphous silicon film 8 due to the heated 
CVD of a silane whose order is higher than trisii ane is 
deposited to approximately 500 angstroms on a gate 6 which 
has utilised a silicon substrate Qf the low res±stance 

and a gate insulation film 7 of approximately 900 angstroms 
obtained by the heated oxidation of the aforementioned silicon 
^ubstrate in a dry 02 atmosphere of 1100 degrees centigrade. 
In addition, a source'9 and a drain 10 consisting of two layers 
including n- amorphous silicon layer and a metal layer such as 
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Ni, etc. are formed. 

Figure 7 shows an example of the output characteristics 
of an actual thin film transistor. The gate source electric 
voltage was changed in 2 v steps to the range between 20 and 
30 volts and the ratio between the channel width W and the 
channel length L or W/L is 40. m the case where the source 
draxn voltage is "wiped in" from Zero to 10 volts and then 
to zero volt, the histerisis i s extremely small and stable. 
The ON/OFF electric current ratio of this thin f ila transis- 
tor xs more than six digits and the threshold value voltage 
and the electron motion degree as obtained from the satura- 
tion range were satisfactory at 16 volts and 0.1 cm2/v.S 
respectively. 

The change of the drain electric current in terms of 
the txme elapsed is shown in Figure 8 in comparison with a 
thxn fxlm transistor prepared by the plasma CVD of a monosi- 
lane. The plasma CVD sample was prepared into a fil* by using 
the same chamber as the heated CVD at a substrate tempera- 
ture of 300 degrees centigrade under a reaction pressure of 
0-7 Torr with a high frequency electric power of 10 watts. 

The axxs of abscissas indicates the time elapsed 
after the impression of a bias required for flowing the 

ZtT l^T 0 CUrrent ^ t, " a)A -" d thS ** is of ordinates 

xndxcates the ratio of the value Id at each time against 

the xnxtxal value ld(0) of the drain electric current in 
Figure 9, where the solid line indicates the case of a thin 
film transistor by the plasma CVD and the broken line indi- 
cates the case o£ a thin film transistor by the heated CVD. 
in the case of the thin fil m transistor by the heated CVD, 
the txme change of the drain electric current is mll n & 
stable as compared with the case involving the plasma CVD 
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the actual depositions, where the axis of abscissas JJ^, 
the t^rne and «„. axis o£ oralMtes ^ 

chamber pressure and the substrate teBperature 

Figure 9 (a) shows the case of loo per cent tri <i 
£» a trisilane is lntroauced into ^ 

aeposition starts A+- *-%*v. ■ ^ 

, • juncture, if the chamber pressure 

thai- * 4 ls "proved, with a result 

the temperature of the substrate is stabiu.ed. «hen the 
chafer pressure is higher than 10 Torrs this =h 
becomes conspicuous. The substrate I Phenomenon 
(■>,= substrate temperature variations at 

control of the f llm thickness and the uniformity of the 
film quality in the case where t-h. • «. • 

lf ^ , the de P° s itxon time is short. 

If, therefore, 10 or more Torrs of a diluted gas 

hi" I"' HS ^' StC - is Educed into :l 
chamber beforehand and ^ trisilane ±> introduced ^ 

the substrate temperature has been stabilize +u 

in the substrate temperature can L c^ MsT^ 

neighborhood^ ZVZIT' ' " ^ "™ * «" 
(Effect of the Invention) 

has the' ad' T eXPlalMd ^ — X. this invention 

has the advantage of obtaininc a stabie amorphous silicon 
fx*, whose electric characteristics are satisfactory n L 
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case where the heated OVD is carried out at , suistcate 
perature of 480 degrees centime or lower by usin^ Sl lL 
whose order is higher than trisiiane. 

pheric" gaTinro^ l3 h Ca ! riaa ° Ut « «»°s- 

turTof tL ! ' therety St *"«^ «>e tempera- 

Z°LTJ st - aft8r «». gas material. 

can bf T *-*«"»» change at the time of film-mafci™ 

can be made extremely small. 9 

In view of the facf +-ha4- j 

ract that it is a process using a low 

L™" and T hout any damwe to «- ---- 

Z IT' US **" At UU1 have n ° *«=e effect 

upon the other elements that have already been formed e" n 
in^the case where it is combined with such a process as LSI, 

i. Concise Explanation of the Drawings- 

rvn , • mPSratUre Qf the deposition rate of the heated 
CVD employing 100 per cent fH c -ii Q 
invention. trisiiane according to this 

ture ofT 3 Sh ° WS ^ dSpendenC y on substrate tempera- 
ture of the optical band gap and hydrogen content J 

invention. Figure 4 shows the dependency of tha .1 , 

tivitv of tkj 0 1 ^. fenaency or the electroconduc- 

Figure 5 is ™ 10 " «*» «- substrate temperature. 

M th. M lnfra " rBd ^«ptio» characteristic figure 

of the srlxcon film according to this invention. 

prepareTov 6 " °™" SeCti ° n ° f *** *"» fll » transistor 
prepared by using the data shown in Figures 2 through 5 

trT I S °" S ° UtPUt = h ?»«-«tics of the thin «„ 

transistor shown in Figure 6. 
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Figure 8 likewise shows the change of the drain elect- 
ric current in terms of time eiapsed. Figure 9 (a) shows an 
example of the procedures of the deposition in the case 
where 100 per cent trisiW is employed. Figure 9 (b) shows 
an example of the procedures of the deposition in the case 

ptr;:r on was simiiariy carr±ed ° ut * — ~ — 

In the above drawings, ,code 1 indicates a chamber, 2 
a substrate heating means, 3 is a susceptor, 4 is a Sub . 

and 10 ^ meanS ' 8 ±S 3 SiliC ° n fil *' 9 is * ™, 

and 10 xs a drain. 

- End - 

Applicant: President, .institute of Industrial Technology 
Shxnetsu Chemical Industry Company, Limited 
Seiko Electronics Industry Company, Limited 

Designated Agent: Kohei Sato, Director, Electronic Tech- 
nology Comprehensive Research Laboratory, 
Institute of Industrial Technology 

Sub-agent: Tsutomu Mo gami , patent attorney ^ Qne 
other) (seal) 

(Insert Figure ! (a,, p. St . Cross section of the manufac- 
^ 1. Chafer. 2. substrate heating M ans 3 

Susceptor. 4. substrate. 5. Gas blow-out part 6 Ga = 
supply means. 7. Exhaust means.) 

turiniT-' F1SUIe 1<b) ' P " CCOSS Section ° £ «» — £ac- 
turxng de Vlce . Ihe codes „ e ^ ^ ^ ^ p 

(insert Figure 2 on p. 64. Dependency o£ the deposition 
rat. upon the substrate temperature, a. Deposition rate. b . 
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Substrate temperature (deg. c.~K) 

(Insert Figure 3 on p. 6S . Dependency of the option 
b«d gap and the amount of united hydrogen upon Le l st 
rate temperature, a. Amount of mited ^ B £ 

b- Optical band gap (eV) c SubalM .„. T * (P6r Cent) ' 
/t« ^ „. Substrate temperature.) 

teri JL n : er vt:: w- 6s - infra - red abs ° rpti °" *™- 
c 0n 9 . sour :;. G t ; J; — fUM . sili . 

mr ' a " D ram electric current h n^.- 
source voltage.) mt ' b - Drai n~ 

(Insert Figure 8 on p. 66. Change of the drain .i. - • 
current in terms of time J * he d ^n electee 

(hour).) *Psea. a. Bias impression time 

j^rrr a ; sub8trate - «— « 

•Hi. (wmut.). d. vaouation. . T ri 

SUM. introduction. f. Vacation., 

b cha^ ds P="t l0 n, a. Substrate temperature (deg c , 

Chamber pressure (TorrV <- , g * 

*ion of diluted r' <«*>«.). d. Introduc- 

tion,, 5 <* trisiiane. i. Vacua- 

(Continued from the fiest page) 
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